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ABSTRACT

The purposc was to determine, by photographic means, the modes by which energy is
propagated and dissipated from nuclear explosions at very high 2ltitudes. A corollary
objective was to document all visible aspects of the detonations for later analysis of any
unfcreseen phenomena.

The project anaiy=+ films [rom Shots Yucca, Tezk, and Orange. Film records ana-
lyzed inciuded 76-mm streak records for very early fireball growth, 35-mm high-
speed records for dismeter-time relationships up to 2,000 msnce, and slow-speed 35- and
T0-mm recovds for lzte diameter-time data. The himas were taken from cameras aboard
two RB-~36 aircraft.

Shot Yucca had an approxfmate initial diameter of 46 meters at apnrovimately 0.13
msec and could be measured to a diameter of about 640 meters at 1.5 secords. Shot
Orange had an initial observed diameter of approximsztely 1.7 km and reached a diameter
of 20 km at 30.5 seconds.

Shot Teak was a multiphenomenz event. At early times, the configuration of the ra-
diztion phase was egy shaped. As time passed, zcceral shocklike phases bec . Jdis-
cernible. The major vertical and major borizontal measurements of each of ' - se plases

e~ computed.

pbrcause of the uncertaintied involved in scaling for high-altitude bursts, no attampt
was 1ade to calculate yields.

s
SECRET




FCREWORD

This report presents the {inal results of one of the projects participating in the military-
effect programs of Opzration Hardtack. Overall information about this and the ather
military-effect projects can be obtained from ITR—1660, the “Summary Report of the
Commander, ‘fask Uait 3.” This technical summary inciudes; (1) tables listing each
detonation with its yleld. ‘s ne, environment, meteorological conditions, etc.; (2) maps
showing sbot locaticne; (3) discussions of results by programs; {4) summaries of objec~
tives, procediures, results, etc., for all projects; and (5} a listing of prciect reports for
the military-efiect programs.
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1.2 bACKGROUND AND THECRY
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Chapter 2

YROCEDURE

2.1 SHOT PARTICIPATION

This project participated .. ‘hots Yucca, Teak, and Orange.

All times given in this section have been corrected for WWVH transit time.

Yucca, a nominal 1.7-kt device, was detonated on 28 April 13938 at local time
1440:00.256 ¢ 2 msec (Greenwich Mean Time 0240:00.256 % 2 msec, 28 Aoril 1958). The
device was suspended from a balloon at an altitude of 84,683 feet above sea level (py =
3.5 x 10”8 gm/cm’) (Reférence 3), and was detonated at a location between Eni*ratok and
Bikini Atolls in the Eniwetok Proving Ground.

Teak, a nominal 3.8-Mt device, was detonated on 31 July 1958 at local time
2350:05. 596 + 1 msec (GMT 1050:05. 598 = 1 msec, 1 August 1958). The device was
carried northwest of the launching pad, to a firing altitude of 250,374 feet (py = 3.4 x 1072
gm/cm®) {References 3 and 4) by a Redstone missile laun:iied from Johnston Island.

Orange, also a nominal 3.8-Mt device, was detonated in the same manner as Tea., on
11 ° gus. .55 at local time 2330:98.605 + 1 msec (GMT 1930:08.605 + 1 msec, 12A _ust
1 ,8). The burst occurred southwest of the Johnston Isiand launching pad at an altitude
+ 141009 et (p = 3.2 %'107¢ gm/cm®) (References 3 and 4).

2.2 PHOTOGRAPHIC COVERAGE

Photographic coverage for all events was supplied by cameras mounted in two RB-16
aircraft flying at altitudes of approximately 37,000 feet for Yucca, and 30,500 feet for
Teak and Orange. Positioning data for the participating alrcraft is given in Table 2.1.
Additional cameras were located on the USS Boxer for Yucea and on Johnston Island for
Teak and Orange.

The primary high-speed photography was accomplished by means of streak cameras,
which utilized 70-mm film to provide a wide field of view. The purpose of this type cam-
era was to preduce a film on which was recorded the envelupe of the expanding phenome~
na. To accommodate possible errors in aiming and/or burst .- sition, the cameras ware
operated without a slit. At a nominal film speed of 20 {t/sec, thc cameras, operating
with a slit, wovld be capable of resolving a few micro~econds; and without a slit, better
than a hundred microseconds. With a §-inch lens, thc spatial resolution is a faw meters.

Three streak cameras were used in each aircraft—two mounted to revs~d he verti-
cal growth of the fireball, and one mounied to record its horizontal growth. Becanse the
exposure was relatively unpredictable, the cameras were filtered to reapond to different
light levels.

One streak camera on the USS Baxer for Yucca and one on Johnston Island for Teak
and Orange were equipped with longer lenses so that a record of the envelope of horizen-
tal growth could be obtained in the absence of cloud crs2x.

12
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Giher cameras used included the following: 35-mm Fastax (2,060 frames/sec)—fire-
ball photography; 35-mm Mitchell (24 frames/sec)—fireball photography; 70-mra jlulcher
{Edgerton, Germeshausen & Grier modified) cloud ', frame/sec)— later stages of cloud
formation; 76-mm Maurer {3} frames/z2c}—lai2r stages of cloud formation; and 16-mm
gun sight aiming poin (64 frames/sec)—dis¢ “vibution of light over the sky (emploved
uitra-wide-angle lenses) and decumentary (buth color and black and white).

Timing signals at each station actfvatcd the cameras and control equipment. Upon re-
ceipt of the time signal, operation of each station was automztic.

2.3 FILM READING AND DATA REDUCTION

The 35~-mm filme were measured on a Hauser profile-measuring microscope equipped
with an Edgerton, Getineshausen & Grier (EG&G) fireball image reading device. The
70-mm streak records on Yucca and Orange were read on a Mann optical comparator,
and the Teak streak records were read using a Bansch 2:id Lomb magnifier and a finely
&c_ibed 100-micron scale.

The data was processed on the Burroughs E-102 digital computer.

Zero time for the Yucca and Orange streak records was establisned as the center o.
the circle that made the best fi2 to the hvad of each trace. On Teak, the cnvelope was
less opaque, and streak zero times were measured at the tip of the weli-defined inner
envelope (Figure 4.25).

Zero times for the 35- and 70-mm framing records were determired by ¢ - arison
with early diameter measurements taken from the streak records.

Sample camera data and calcuiation sheets are contained in Appendix A.

2.. DETERMINATION OF MAGNIFICATION FACTOR

1 ~: airborne cameras were rounted perpendicular to the longitudinal axig of the air-
crait and elevated to the angles indicated in the pnoto plan shests for the various ghots
(8ee appendixes).

To determine a magnification factor for relating film dimensions to object size, the
distance was calculated along the optical axis of each camera to the point in space where
the axis intercepted, at right angles, the piane containing the burst. By measurement
on the film of the horizontal and vertical displacements of the image from the center cf
*he frame, the angles between the optical axis of the camera lens and the sla. t range to
burst were obtained. Because the rate of rise of each of the detonations was unkncwn at
{ne time of analysia and was beyond the scope of the analysis effort, no attempt was
.made to correct the measurements for viewing geometry. It is koped that future analy-
sis ~ill yield enough information to enable a correction ut ov ... isier values.

The true range (Ry/y) along the optical axis, to be used in determining the magnifica-
tion factor, was then calculated as follows:

Rea = dy cos a cos f + (Iy, - he) sin 8
Where: d; = horizontal distance—camera to burst
3 = camera elevation from horizoatal

o = angle between Ry/a and slant range in horizontal or ground projection

13
SECRET




it

height of burst

hy

by = height of camera

Figure 2.1 is a spatial presentatiun of the range nive? the optical axis,

TABLE 2.1 POSITIONING DAY

Location Coordinitrs Al tude Distance, Aircraft wo Hurst
o¢ N E z Vinrizontal STant ange
—_— S
Shot Yucca
Air zero 403944 364042 84,683 — —
RB-36, 15748 (Stution #30.01)  426852% 327821¢ 36,000 79539 REEQ2
RB-36, 15750 (Station 830.02)  423747* l192340° 37,000 §5058 80666
Shot Teak
Alr zero 2031441 134871¢  15CAVS —_— —
Lsunch pad 00401  200589% ~% -— —
er " shnston T.land 491301 1978551 ~0 — -
KB -4, 15748 (Station 830.01) 512881 18432¢ 8,500 39013¢€ 4475,
RB -2, 15750 (Station 830.02) ‘58t 377278% 30,5¢¢ 353059 450220
Stal O re
Alr cere 83198y 19680521 141,509 - —
Launch pad 200040 2005801 ~9 —_ -~
Center Johnaton Island 129130t 197855¢ ~0 —_— _
RO -36, 15748 (Station 830.01) 461248t 210561 30,500 434794 148422
RB-36, 15750 (Stetion 830.02) 361608t 331646t 30,500 429432 453091

* Referenced to Eniwetok coordinate system.
t Referencud to Johnston Island coordinate system.
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Chapter 3

SHOT YUCCA: CAMERA INSTRUMENTATION, ANALYSIS, AND RESULTS

3.1 INSTRUMENTATION ANL CAMERA DOPERATION

Photographic coverage .t .'rebail growth was provided b cameras mcunted in two
RB-36 atrcraft (Stations 830.01 and 830.02) and by cameras mounted on the USS Boxer
{Station 943).

Streak Camera 6 (in aircraft Station 830.01) jammed, but 21l other airborne cameras
obtained records of the detonation. Rain clouds partially obscured the burst from the
cameras located or the US5 Boxer. and the streak camera at the station jam -2d: thus,
no records suitable for analysis were obtained from Station 943. Amnalysis for Yucca was
accomplished by measurement of records {rom the airborne camera stations.

The Yucca phote plens and photo loading charts are contained in Appendix B. The air-
craft positions and survey data are presented in Figures 3.1 and 3.2.

LY TERTLTS

The Yucea diameter-tinie plot is shovn in Figure 3.3. Because of apparent differences
petweern . 2 curves of the Yucea streak records, they are plotted separately and labeled
with the siion number and the density value of the camera {ilter. Neutral density (D)
fiiters we:. used on the streak cameras to attenuate the light. The ND filter is & non-
discriminzting {ilter in that it attenua.es the light by a fixed percentage over the visible
spectiuni. ND filters are numbered in accordance »ith the percentage of light they
transmit, e.g., an ND-1 transmits 10 percent of the incident light, wiile an ND-2 trans-
mits only 1 percent of the incident light. Two facts are readily apparent when these
curves sre compured: (1) at any comparable time, the diameter values of the records
from any one =tation show a filter depend .nce, i.2., the greater the {ilter density, the
smalier the diameta:; and (2) there is poor agreemert 2mong curves plotted {rony * 2¢-
ords oLtained from cameras equipsed with filters of the same density value, e.g., the
streak curve from the Station 830.01 camera that used an ND-4 fliter {s higher st any
given ilm~ than the curve from the corresponding camera rac-4 3t Station 830.02.

The difisrencs in image density, attributable to the flitering, 15 demonstrated when
the photographic prinis of th~ three streak records f-om Station 830.01 zre compared
(Figures 3,10, 3.11, and 3.137  The camara with the teast iltering, ND-~3, produced the
poxvivet Im2gs, ang the camera with an #5- 8§ Giier y-oduced the falintest image.

The uze & filisvs of dfferant values was necessa:: hagavae very little informatica
was available on kigh-ait:iude dewsnations, making precalculationy 2 esperted lght in-
tensity unreliable. The filier values were chosen to provide an exposure varialion that
would insure adequate coverage over s wide range of light intensity.

To determine the nature of the iight distribution acress ihe firebsll, microphotometric
measurements were made on the streak records (by 531nning acrosa each strezk, orthog-
onai to the timne axisj. Examination of these results showed that the hight intensity across
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the dreball wag nonuniform, rising to 2 maximum at the fireball center. Figure 3.4
eghows z curve of relative light intensity distribution across the face of the firekall. Super-
impoged on the curve are rectangles representivy, the {ilters used and showing 1+~ rela-
2 range o} Ligut inlensity encompassad b eavn The ND-U Yiter pagses the widest
-ange of light intensities, while the ND-5 .1sses the narrowest range. Thke image swdth
and consequently the caiculated diameter 1~, in this case, dependent upon the intensity
range of the filter.

To determine the cause of disagreement 2mong the curves of records made frow cam-
eras using simflar filters, microphotuometric measurements were made on each record
at 0.8 msec and al 15 msec. Comparison of microphotometriz iraces of two records
with the same degree « { filtering and exposeu at the sawe time showed that the width of
the streaks was the same, but the density of the images v 15 mackedly Jdifferent. The
trace with the ligine: image, when magnified on the opti<al comparator, was much more
difficult to measure because of poor definition at the extremities. In all cases the mcas-
urement of the denser image resulfed fo 2 highcr cefcaated diameter. The difference in
tmage density is atiributed not only to the difficulty in defining the edge cf a graduallv
changing density, but also to variztions in the photographic processi~~. The condit: ‘n<
for procescing 70-mm records in the field were such that photosensitometric cont: ol wis
difficuit to attain.

An ND-2 filter was used on the Fastax camera mounted in Station 330.02, and the di-
ameter values <alculated from measurements of its record are greater at anv given time
than the values calculated from measurement of the least heavily filtered s . record
from either station. This fact supparts the observation that the light distrr  .ion across
the face of the fireball {s nonuniforin and that the filter density vaiue affec. ‘he apparent

t :ge size of the streak records.

At approximately 20 msec, an inner core becemes discermble on the film records,
£n the core grows, assuming the characteristic torus- or doughnut-shaped clsug approx-
s cly 4.5 seconds after zero time.

vigures 3.5 through 3.1Z show the fireball, the cioud developmeant, ard the streak
records.
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Figure 3.4 Rezlationschip betwee. filter rating and .ynage width of rtrzaX records.
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Figure 3.5 Firebsil at approximsicly 0.6 maoc, Station £30.02,
35-mm Fastax FF camera, 3ket Yocea.

3
e =6 W N P05 TG indiu

Figurs 3.6 Cloud development st spprox- Figurs 2.7 Cloud development 3l sporoxi-
imately 5.0 seconds, Station 330.02, inztely 7.5 scoonds, Statien 830 62,
70-mm Cloud Camera 4, Shot Yucca. 70-mm Cloud Camersa 4, Sbot Yuccs.
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Figure 3.8 Cloud deveiopment at approximztely 8.5 seconds,
Station 830.02, 7¢-mm Clouad Camera 4, Shet Yucca.

Figure 3.3 Cloud devejopment at approximately 12.5 seconds,
Station 830.32, 76-mm Cloud Camarz 4, Shot Yucca.
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Figure 3.10 Streak reccerd, Camera 3, ND-3 filter fhorizontaily mounted),
Station 832.01, Shot Yuccs.

Figure 3.11 Streak recosd, Camera 2, ND-4 {ilier {borizontally motnted),
Station 830.5:, Shot Yucca.

Figure 3.12 Streak recerd, Camera I, ND-3 fllzer {vertically mounted),
Station 330.01. Sbhot Yucca.
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Chapter 4

SHOT TEAY.: CAMERA INSTRUMENTATICON, ANALVSEIS, AND REUSULYS

3.1 INSTRUMENTATION AND CAMERA GPERATION

Fhotographic cove-, 2 Of the Teak drtonzlicn was rovices by cam
two RB-36 aicera i (Siasions 528,01 and 330.02) and by cameras iouals
o Jolmaton isiand (Slation 851} Sahnstor Ixlznd coordirile s3stami.
and plole loaing churts até soxtaines in Appendin C. The aircraft Josilion
#4213 sre prescrted tn Figurez 4.1 ane 4.2, All caimeras operated oo,

ez 3§
35-mm Fasrtar 2t Siztion 233.062
Tha streaXk camera reforde ¥ showwd that tne ND Hiler valves 5ed oo
(k= cameras (NG-3, ND-3, arsd by nizh for (he higs® izfensily leveis of Uw
detonation, conserueails. he .;ii.::; valuzs were revscend (ND-3, XDB-3, w5 ND-f; lor the
three siresy Cameras At £25h sLalien renotding lte Toak and Orasge evenss. Ftr gkaam-
€r3is woers meoonted, as for Yucez, 1o record ?..u,'-. jore verticsz) zngd Besizemis - F g
Pecause the device o3 H r*am:m cwsrse, B Anmation
23 quiside the fHeid
vrazr with ver: wide fields 2
ta,~ from idx Jomnastan .s.zs:é cEmwTas I-o-’ﬁu’.lx;é:y. e Surst e wke plize Wil
i . 45 of view of 21} of the Camerzs in buth aircraft.

3 ﬁ

4.2 RESULTS

The phenomena redanies durioy the Te3k bt were mueh ctfivrax! Irom Rose chearved
an gay cther Josdbcat.  For the purpas2s of this repori, defd amhiue Slmendiontt piv-
nomens have been sseigned desigastiors Dy, Uy, 2., od se fonthe

At zarly Umes, Use firebell aas approximately ezf-shapet, beng symemselr-cal abogt

the vertical axis and asyinmeirical in ihe tertival Jirochion. At | mese, &= axinsm
ve liczi messurement of the radiztne phase D (Figare 4.3} asq approztseisly $7 hz,
arxi the maxtmoum Forizorial meazeremen! w2s ap;:(:-x;:r.a:e'" ¥
meiry iz dolisvist 10 have beex cassed 5y 2 veviauon e - - Temects Sorogs he nrehsi
At 2 altitode of 23¢ 600 fozt, the fower alr densily ol the wp of B Wrgt pronidas s
ionger mean-lree path for e3rly radialion, ross'ing o2 &2 oge-shaped sosfiguraton. I«
cauye of the aRymmelry of (52 Ersball, measure ments serz taken 2osg boih e s
horizontal and majer verlical diamatere Thi thametler-tme plots 277 sha=T ix Figures
4.3 and 4.4 Lirecar plots of 5oth borizenidd diameter sed varncal HBamater woraus als
times are shoan in Tigures 4.3 anc £ 5. AS tn (22 caEw of the Yocos dlamiger versus
time plois, wherever there 13 {mporan! gEagreoment among siresk Semnicr mla, R
cusver have been dlosied separatsly 2nd § abeled scrording to gtatio® smi f-der punter
D; ta a shockifks phenomencu visible al 2arly times {(Figure 4.93. &L approufmately
S04 maec, the Whzht Intonsity of this phase Mas 5.5 n off ¢9 &akh & degres Bl IvUsr
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measurements on the (il record are impossible.  The phenomenon designated Dy appears
to be a strong radiation phase brighter than Dy, but sauch less intense than D, {(Figure
4.9). D, is a high light-intensity phase whose light level “trop. below the threshold nee-
essary for good filin re o,ution approvimately 1 second alier zere time.

Another shocklike front moves up the radiative phase of the burst (Figure 4.12). This
front was not measured, because there does not . sipear to be any satisfactery measure-
ment reference point.

The designator Dy refers to that phase of the detonation that appears in the streak rec-
ords as a wedge (Figure 4.25) and in the framing camera records as a bright shock (Fig-
ure 4.12). The D3 phase grows rapidly, and approximately 900 msec after zer» time, 2
bright core (Dg) is discernible in the records (Figure 4.12). This core has the apparent
elliptical shape that the viewing geometry would be expected to induce on the bomb-debris
torus.

About 3 reconds after zero, a shocklike froat (D) grows from the core (Figure 4.13).
This phasc can be measured, in the vertical direction only, to approximately 8 seconds,
after which time iue light intensity drops sufficiently to preclude further measurement.

The linear plot of horizontal diameter versus late time (Figure 4.5) shows an apparent
disagreement be{ween D; values from Mitcheil (35-mm) and Maurer (76-m..y fiims. The
differences are probably due to the degree of personal judgment required in reading the
larger and less well-defined images of the 70~imm Maurer records.

Approximately 7 seconds affer zero, a luminescent phenomena rises from the bottom
of the radiation envelope (Figures 4.15 and 4.16).

A strong aurora first becomes apparent in the photographs approximately 50 i
after zero (Figure 4.16).

~~ :aphic prints showing phenomena growth are stown in Figures 4.7 throug- 1.22.
everal prints (Figures 4.7 amd 4.9) show bright spots below the burst; thece are internal
cames2  flections and are not functions of the burst.

stecdl. ecords are shown in Figures 4.23 through 4.26. Density varfadons across the
streak 1w, fe are apparent on some prints {(Figures 4.25 and 4.26). These variations are
attributed to the photograplic processing techniques employed. Because of inadeguate
fi."# ™eilities, processing under strict photo sensicometric control was not pessibie.
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RB-36 15748
N$51268 L8P
E 13432 a9

- of

PLAN VIEW

STATION 830 02
A/c RE~-36 15730

TH g0
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!! 23,0 NAUT. ML

1

it e s s S—— ———— — ST . Mo ——

R341.2 NAUT, Mi,

E3%.v Aab . o, ’
i

SYATION 83 .72

QROUND > 24X

SIDE VIEW

Figure 4.. Aircraft positions relative to burst, Shot Teak.
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Figare .7 Firchall at 9.5% msec, Stxtion 326.01,
35-mm Fastax FF-1i camera, Skt Teak.

Figure 4.2 Firsieil 31 9.56 moec. Station R35.0:,
35-mm Faxiax YF ; camwsr— Shst Tesk.
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. Internal Camera
Reflection

Figure 4.9 Flreball at 50 msee, Station 830.901,
70-mm Maurer M-4 camerz, St Teak.

T

® [} . [ 3 0 ixn)
Figure 4 10 Firebzil 2t 25! msec Iiatlon 530.01,
35~mm Fastax camara, Shot Teak.
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igure 4.11 Fireball at 547 msec, Station 830.01,
35~-mm FX camersa, Shot Teak.

Riviag Sheck-1ike Fros:

Figure 4.12 Fireball at 2.45 seconds, Statice §20.01,
76-mm Maurer M-4 camersz, Shot Teak.
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Tigure £.15 Firsheli a2 7.55 soconds, Station 830.01,
T0-mem Maurer M-4 camera, Shot Teak

izure §.16 Fireball 3t 18.85 seconds, Suatlorn 830.C1,
gumm Maurer ¥M-4 camera, Sbot Tesk.
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Chapter 5

SHOT ORANGE: CAMERA INSTRUMENTATION, ANALYSIS, AND RESULTS

5.1 INSTRUMENTAT'ON AND CAMERA OPERATION

The ~amera «tatums for Orange were the same as for Teak., All cameras functioneu
properly, but cloud cover prevented the cameras 2t Johnston Island fron, obtaining usable
records, thus, analysis of the Crange fireball growth was restricted to the records from
the aircralt stations.  The zircraft positions and vaoviy data are presented in Figures
5.1 and 5.2. The photo pians and photo leading charts are contained tn Apr ~dix D

5.2 RESULTS

The diameter versus time plot for Orange is presented in Figure 5.3, Wheredisagree-
ment in streak record curves is significant, each curve is plotted sepaiately and labeled
with station numbei and fiiter rating. Microphctametric measurements of ©+ . pc made
ot the Yuccea streak records show that the disagreement amsong records 1$ Duiable to
tne fiiter s employed and the method of photographic processing used. Agr  aenl amory
.+ ords from cameras using filters of the sa »e value was much better than ra the case
ft Y wea, probably because of the higher light-intensity levels of the Orange Jetonation,
+ because the Jilters used on the Orange cameras were of lower density valtes than
the-+ chosen for Yucez. Enough light passed the filters * present an image that was
vasty measured despite image density differences introduced by field-processing tech-
nigues used on the streak records.

The Qrange Nireball exhibits vertical asymmetries at early times similar to those no-
ticed on the Teak records (Figure 5.6). but by 250 msec the configuration of the fireball
image is osscatially cirqular. At the lower allitude of the Orange detonation, the dillei-
eniial 1n ai~ dnsity between the top and boitom of the firchall is much less than that (.
Shot Teak, so the asyrametry is not as ptronounced or as persistent as wa< pted during
‘Teak.

‘Ihe emulsion of each of the first three frames of the 24 {rames/sec Mitchell camera
records was burned, and the fourth {frame had a solarizc? image, giving an indicatior of
the Ligh intensity level of the early light from the delonaticn. uiameters calculated trom
mancaremente of theee frames were in poor agreoment with dlameters from other filnis
at comparable times. The diameters calcui.wed from subsequent frames were in good
agreement, thus, the measurements from the tirst four frames of each Mitchell record
were not considered representative of the Orange diameter-time growth and were ex-
siuded ficm the plot.

Al approximately 29 msec, a core is discernible on the 35-mwm Fastax cecord This
core asgumes a circular shape (rigure 5.7) and rises to the top of the fireball, where 1t
appears 1o risc out of the top of the firebali envelope (Figure 5.1€). A lurge luminescent
halo effect starting at the bottom of the envelope (Figures 5.7 through 5.12) appears
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around the cere at approximately 286 mscc. Asthe core rises, the halo diameter appears
‘o to diminish until it converges intc the core. At very late times, the bottom of the en-
velope seems to rise, creating a vortexlike appearance (Figur» 5.16).

At late times, an awiord, less pronounced *hon thal assceiated vith Shot Teak, s dis-
cernible on 79-mm Orange records.

The spot which appears on the face of the Orauge envelope {Figures §.10 through 5.12)
is discernible in photographs taken from Lotk airborne stations and has the proper north-
erly orientation te indicate a possible association with the vehicle launched at dohnston
Island.

Inspection of the aircrafr records of the Orange debris toruy shows it to be nearly cir-
cular over the first few seco:ids.

If the toroid were assu-nad to be circular in a piane paralle! to the surface of the
earth, as the Teak toroia wus, the Orange taroid snould be more nearly ellipti.al than
‘Teak’s appeared in the aircraft records, because the elevation angle of Orange abave the
horizontal is half that of Teak. This is not the case; in i, the cpposite is true.. (Com-
pare Figures 4.10, 4.11, and 4.12 with Figures 5.7, 5.8, 5.9, 5.12, and §.13). This would
lead to the assumption thai the Orange torus is circular in a plane that is close io being
perpendicular to tue surface of the carth.

Two cxplanations of this paradoxical observation are offcred, (1) The orientation of the
early torus might be a function of the axis of the missiie at detonation time, although this
is considered highly improbable. Presumably, the Teak missile was still climbing at
detonation; whereas the Urange misgile, whose track was some 20 nautical miles . %
and 20 nautical miles up from its launch point, might have det¢nated at apogee. | t
this dific ence in positions, it might b2 inferred thai the early torus was propage na
j owe coaogenal to the track axis. 12) The mecharisms that effect the rising vorw...ng
actiun o« maton te all bomb debris could have influenceu the Teak debris at much eariier
t.eoos 1 It influence! the Grange debris. This inference does not, however, explain
the - .pue et hole in the Early <Jrange debris.

A thira possibility, a Jdiscussion of which is beyond the scope of this report, is the in-
teraction between the fireball plasma and the garth’s magnetic field.

Photographin records obtzined during the Orange detonation are presented in Figures
5.4 through 5.20.
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Figure 5.1 Aircraft positions relative to burst, Shel Orange.
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Figure 5.7 Fireball at 288 msec, Staticn §32.02,
35-mm Fastsx FF-2 camara, Shot Grange.
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Figure 5.8 Firetxll at 430 msec, Station 830.02,
35-mm Fastax F¥-2 camera, $hot Grange.
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Figure 5.9 Firchall at $35 msec, Station 83¢.02,
<5-mm Fastax FF-2 camara, Shef Orange
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Figure 5.16 Fireball at 803 msze.. Station 839.62, 3I5-mm Fr <
FF-2 camera, Shot Orarge. (Nete circuiar terus.)
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Figure 5.11 Firebell at 929 msec, Statlon 836.02, 35-min Fasfiax
FF-2 camerz, Shot Orange. (Note c.rcular *oruz.}
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Figuere 5.12 Fireball at 1.58 second~ Siation §30.02,
36-mm Fasiax Fr-2 camerz, Shot Orange.

Figure 5.13 Firebail st 2.142 zeconds, Station 830.02,
70-mm Hzurer M-7 camera, Sh~” Orange.
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Figure 5.15 Flredail at 5.54 s2conds, Station 836,02
7¢-mm Maurer M-7 camers, Stot Orange.

figure 5.15 Fireball at 15 24 seconds, Figure 5.16 Fireball at 28 74 sccends,
Giatien 330.02, 70-mm Maurer M-7 Selien 336.02, T0-mm Maurer M-7T
camerz, Sho! Orange s3 camera, Shol Cirange
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Chapter 6

RECOMMENDATIONS

6.1 GENERAL

It is highly recommends * hat further photogrammastric analysis of the three Haratack
high-alt.tude detonations be pursued. Rate of rise ¢ f the burst pienomenz, nature and
dimensions of the aurora, and the light chavacteristic s of the variods phenomina are
some of the arcas hat show promise of yielding usefi, data. The Hardtack high-altitude
data and measurements from previous aerial tests should be evaluated 10 an ateempt to
determine scaling Jaws and to ascertain partition of energy data.

For future high-zltitude tests, photographic coverage should be considerably expanded,
with cmphasis Jdirected to obtaining better time resolution and additional sigmficant phe~
nomenological data by using more cameras and a wider variety of film types and lenses.
The use of stabilized platforms for the airborne cameras and u fast exposurg compen-at-
ing sysiem sould contribute significantly to the imusovenent of detonation records .3
also highlv recommended that extreme care be exercised in obtaining accurate air it~
i - . data. it seems Imperative to employ a tracking system whereby the ¢L . 'ras

. ames at the missile continuously during its flign.  Depeadence on ground-camneras
wers oo uitfuly at least three aircraft should be used, as outlined below.

6.2 DETOMATION COVEHRAGE

:n o Jdition to the twa aircraft stations and one ground stauon used for Teak and Orange,
it is recommended that a third aizcrait staticn be employed to permit 2 better coverage of
events and & more “etailed analysis of the suatinl relationships of the various phenomena
recorded. This thirc. siation would also serve as a backup to the other two.

At ieast two additional ground or shipboard stations are recommended for fireball cov-
erage. One station shiould be lecated about 1,090 sniles from the detonation, uad th other
at a cu venieni distanice belween the launch point phote slation and the 3 300-mile sizlion,
For Shot Teak, EG&G had a staticn at Mt. Halcakala on the island of Maui, State of Hawaii.
The purpese ¢f the station was to make long-range light mea< -~ :m~pis of the high~aliitude
detonations. The Maul station wag approximately 800 nautical miles frow the Teak deto-
natien  Excellent 3&~mm color stiil films of 1eak wrre recorded from that siation, in-
dicating the valuable technical potential of long-rargc ohotography of extremely high-
altitude detonation phenomenology (Reference 5).

Extensive cloud cover over more than one ground station and/or any of the aircraft
stations siould be sufficient reason for shot postponeraent.

High-speed streak cameras capable of at leust 0.1 psec resolution are 1ecommended
for coinplete coverage of the {irst millisecond of fireball growth. High-speed {raming
cameras, capable of 25,000 framee/sec or more, should be used to obtain discrete pic-
tures of fircbali growth through the first 1.5 usec. P.putronic cameras should by
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employed at one ground station for accurate casly-time data, permitting precise deter-
mination of zerc frame time on motion-picture {ilm records. Rate-of-rise records
should be obtained bv aircraft cameras mourted ir -airs, one aimed at the exp:cted det-
onation point and tne oiher aimed above it t+ recy: d Cloud rise heyond the field of view of
the first camera,

Cameras with extra-wide fields of view ai¢ recommended for the recording of sky
glow effects from the detonation.

6.3 AURORAL CONJUGATE POINT COVERAGE

Photagraphic coverage should be provided for the a:ca of the expected auroral conju-
gate point. At least i vo airborne phote stations and two ground stations should be instiu-
mented for recording aaroral effects in the area. Coverage at the coniugte point wouird
include timed photographs, to document aurcra arrival time, configuration, and drift.

In addition, these stations could provide long-range ¢o.crage of the sky glow froni the
detonation area.

6.4 FILM PROCESSING

Facilities should be made available to provide adequate control of the processing of
all films made. [f such facilities cannot be provided in the field, then, in the interest of
preserving irreplaceable photemetric data, the films should be transported - “ocation
with the necessary equipment to insure proper controlled processing of the 1 ds.
I'nder no circumstances should hand processing techniques be employed.
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SAMPLE CAMERA DATA AND Fl.M MEASUREMENTS
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FILM BO. 50880 STATION NO. aao.m.

CAMERA DATA 8 CALLULATIONS

TEST  Yucca CALCAATED 8Y:R

CAMERA NO.STR 93 | EQ. AP,

A (AIMING POIMT§

DAYE: 3/10/s8

A, R%a=GCBa cos acosB + {Hg —Hc) sin B

T T - =y ram
asx 5908 = 34° 38" Hg= 25511.20m
Co$ a=  0.995863 cos B= 0,.822806 He= 10972.93 m
CBy=  21497.90m sin 8= 0.568322 AH= 14338.36 m
C8), cos & COS B = 17617. 19my AMSinf= 8432.97 m RYy= (356"
B. FOGAL LENGTH 149.06 om  (Lens Serizl No. 720988}
o et v e —— et T N 2" 2,

C. MAGNIFICATION FACTOR imeters/in) 4434, 50
m—-——l——m—_ - e ﬁ—.
D. ZERO T!ME CORRECTION i
e e e S
\
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CAMERA DATA B CALCULATIONS

mam
2L MO 34303 STATION NO. 836. 0% TEST ORANGE CALORATED §Y: RS
CAMERA MO.35FFNo.1| £Q. AP. DATE: 13/5/38

& (KNG POMT)

casem —---_--_...._..?_._.._,_...__.___,_____ *' ====um=

B+ (Hy —He) 3in B I

e 6%0° 3= 12°111 Hes 42980 m

o8 @ = 1.00000 cos B= 0.97148 Hom  PON1 I

CBp=  §3253Tm $in 8= 9 2;10¢ AM®m  3aspam

CBy cos @ CO8B = i20542m | AHanf=7108m RY= DI ]
8. FOCAL LENGTH 101. i6mom {Lens Serial No. B13873} =

C. MAGNIFICATION FACTCR (meters/in) 4310

R R T AR S N TN

D, ZERO TIME_CCRRECTION

St Se e i —
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DIAMETER MEASUREMENTS

SROT__ _ORANGE FPILM NG__ 58303
H FLEXC7RITER
Fr.No. Mag. Ry Ry Ry 7 Rayp | Bayglm)  ti(ms)
in. XXX, XX
2900 18. 33 9102 0112 107 1399, 2 0.56
0001 0119 0125 122 2165.5 i.13
0002 0125 0130 128 2288.7 1.7¢
0003 0134 Q138 135 239%5, 2 2.2
0004 0138 0146 138 2467, 2 2. 84
0005 Uta.  0l44 143 2538, 2 3 41
0008 0148 0153 151 2580, 2 5. 12
001G 0153 (156 155 2751. 2 6. 26
0012 0157 0180 159 2822, 2 7.40
0014 0160 0164 162 2875. 4 g 54
0016 0154 0167 166 2946 ¢ 4. €9
0013 0169 0171 176 3617.3 10,82
0620 0176 0172 171 303s. 2 1%, 6¢
Q028 0175 0179 177 33438, 7 14,21
0030 0179 0182 181 2212.7 17,68
9035 0185 0185 a7 3319, 2 20. 5
5040 G187 0183 190 3372 4 3.3
.- 0iv4 067 186 3473 .8 254
5050 0185 9129 1%, 34§57 28.063
003z 2108 G202 261 3587.7 31,81
DA 0261 LD 203 3563.2 24, 8%
9860 G23% Q2G7 303 3g38. 7 37,63
0979 5207 0203 208 3582.5 40, 42
$173 0208  ©236 208 788, 7 43. 31
111} 21] Q2G8 9212 Zi1 3748, 2 4¢&. 18
cees 03i0 0%k 213 a7890.7 3¢, 01
2550 cIth 82314 213 3785, 7 5151
3083 G234 G217 2:a 3833. 8 54,71
916% ori€  SuB 217 38€1.7 %7, %%
0ilc G213 ¢izs 2:8 33972 £3.15%
012 0288 0224 T 222 3840. 3 £6. 75
0129 8328 0327 P 2ae 1 3983 7 74. 28
XEAD BY.__R.C.S I.Le TYYEDBY
DATE 2/25/%3 — ——_ DATE
REMARKS:
fom e e Saa i e A i et
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DIAMETER MAEASUREMENTS

SROT___ ORANGE FILM NO__54303
- {Pag. 2
i FLLXOWRITER
Fr. No. Kag- P'i Rz Pq" Da‘,g (m) 1 (ms)
in XXX. XX
€140 15,33 0228 0220 4048.8 7e.8¢6
0150 0227 0231 4084.7 85,56
0160 02268 G234 4100. 2 2i. 186
6170 6229 0237 £135.7 86.76
0180 0230 G249 4171.2 102,35
0180 0232 0242 420¢. 7 :107.86
02ce 6235 G245 4258. 8 113.56
0210 €239 0247 431s5.2 119,14
3220 0242 0246 £330.9 124.7¢8
0230 0243 9248 4366. 4 136.36
0240 9247 0250 4420.0 135.98
§2350 0249 0254 4472. 9 141.56
G25G G251 02s2 4472. 9 147.16
G279 5253 0256 4526.2 132.75
0289 6254 0259 4551.17 13
6250 3357 G262 4€14. § 1s. =
AY6C 0260 026% +663. 1 1z S5¢
Vi 5283 0265 4665. 9 17...1
a8 0286 0253 47391 180,56
LA G210 9271 4815.1 186.C¢
ERE T C27G Q2z14 4827.9 181. 58
¢35 5212 $217 4£881. i8¢, 86
3368 6275 4ne $834. 4 202.55
vEIG 6278 2% 4970.6 207,88
92336 0277 C286 £005. 4 233.56
0336 0280 G887 5043. 9 Zi8.8%
0490 G2x D238 5676. 4 24. 56
0416 0287 923¢ 5128.6 229 96
0429 c288 0292 5155.3 231,35
£330 yse: 0284 5200. 6 50.7¢
G44C 0281 085 5200.6 8. 16
04rn 0253 298 <3¢ 3 51,56
READ BY RC.5 .. TYPED BY
DATE 2125/ 58 DATE
REMARXS:
e = o
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DIAMEITER MEASUREMENTS

IHOT QRANGEL i I 54303
£ FiLM so__203
FLEXOWITER
¥r. No. Mag. R; R, K. “avg | Davg (@) ¢ {ms)
in. XXX, XX
0450 19.33  029€ 0258 207 52716 256,96
6470 0287 0361 299 5307.1  262.36
0480 0268  0:02 30! 5342.6  267.76
0480 6202 0303 303 $378.1 273 1€
6560 0367 0307 105 | 5413.6  278.55
0510 91,4 0306 307 5443.1  283.96
653 0310 9313 312 | 5537.8  %94.76
0550 0312 0315 314 5573.4  305.56
2515 0315 0321 38 5644.4  119.06
6500 0217 0324 3z1 5697.6  332.56
0625 0318 0327 323 5733.1 227 8%
0650 0321 9330 325 5786.4  359.06
0875 6324 6333 326 | $838.6  37% 36
0700 0326 0335 33l 5§75.1  285.56
0725 0322 0335 133 5610.6  396.%6
070 0331 340 23t 5063.8  411.56
0775 0333 343 33 | 6017.:  $24.56
; 0334 348 342 | s070.4  437.56
025 0336 352 ‘44 | 6105.9 458.56
nss 0338 354 340 | 6141.4  463.56
367> 0340 336 348 | €176.0 476 %6
0902 0342 356 349 | €194.6 489,36
REaD BY___ -GS 1C YTYPED BY —_—
DATE 2/25i 38 — .. DATE
REMARKS:
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CAMERA DATA & CALCULATIONS

m‘
FrLM MO sq)5 STXTION WO, 210 0; | TEST  Tes: CALARATED BY: s
CAMERA X M-1 Q. AP DATE: 32/3138
& (MMING POINT)
NORZONTAL
PIOMCTION

5 - TS DT
LR 060 26°58 Hg= v531Sm
cC8 8= |.00G00 cod B=0.39153 Hem 20T m
C8ax  3yggsn sin By 45995 AH= ¢7013 m

CBycme c0$8= 106032 m | AHSINA« 30358

ﬂ@g’-' ! i"& & R ]

I g, ?AL LENGTH U 77 =n(

C. MAGNIFICATION FALTH
e =

D. ZERD TiME CTORRECTION
ko

&5
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TEAK Horizcntal Diameter-Time NAKE DATE
7™ Film No. 54151 BCS-CIK 4/58
Frame | D; | D Dy Dy | Dg D, Time
{zram) {xmn) {mm) {erm) | {ram} {sm) {msac)
¢ 3.83 i5.02 - . - - 14.0
i 3.85 15. 10 - - - - 56.9
2 3. 63 15.42 ~ - - - 88.7
3 4.00 15.69 - - - - 142.6
4 4.65 15 8¢ - - - - 183. 4
5 4.10 16,643 . - - - 228.3
3 4,35 1T 08 - . - ~ 55,6
10 £.53 11,57 2.10 8. 24 - - 442.8
12 4. 83 13. 18 2.20 8.63 - - 528. 2
i4 4.73 18. 55 2.40 9.41% - 814.0
16 4.83 12.95 2.55 10.00 - - §98.8
18 5. 00 :9.¢61 2.60 10. 20 - - 785, 5
20 5.08 18,83 2.80 10.52 - - 871.2
22 s.20 20.40 3.G0 1:,77 - - 85€. 9
24 5.3¢ 20,78 3.10 12. 18 2.00 7.85 1042. 6
26 5.40 211 3.20 12.55 2.1¢ 8, 2¢ 1128. 4
25 5.5¢ 21.57 3.20 12.55 2.15 §.43 12°° 1
W 5,80 21.87 3.33 13.06 2.2¢ $.563 i3t
3% 5,83 22.87 2.80 14.21 2.30 2. .02 AR |
4v 5.1¢ 23.93 4,15 16. 26 2.20 8. 63 1. 4
é &. 30 24 71 4.45 17. 48 2.40 g.41 1942, 7
. 6. 50 25.50 4. .70 18. 44 2.58 1012 2137 ¢
3 §6.7C 26 28 5.00 18,51 z.8% 11.18 2371.3
80 6,88 26.87 5, 30 2G.79 2.9% 11.57 2585, &
55 7.020 27. 43 5.30 21.97 3.10 12.18 2330.0
0 8.86 27.¢7 5.90 23. 14 3.2 12.7% 3034, 2
75 8.9 27. 45 §.05 23.173 3.3 i3. 10 3228.5
8¢ 7.1 27.85 €. 20 24,32 3.48 13.85 3442.8
85 - 6. 40 25.10 3,.5% 13.62 3857, 1
80 - 8.60 25.89 3,76 14. 51 3871. 4
85 - 8.80 26, 57 3,86 14,91 400 5.7
100 - 6.8¢ 27.07 3.85 13. 10 4300.0
165 - 8.30 27.07 3.85 15. 48 4514.3
116 - - - 4 9% 15,89 4728.6
115 - - - 4.9 15 02 494%. 0
Hiy - - - - £.20 18,57 5:157.2
125 - - - 4,30 15.87 5371.5
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CAMERA CATA B CAWLVLATIONS

W:w TR TN Y. SN
FiLM NG 54152 STATION MO. 330.¢; | TEST Teak CALOAATED 9Y:FS

CAMERA NOM-7074 | EQ. AP. DATE: 12/3/758

A (AIMING POINT]

HORIZOKTAL
PROJICTION

A -
_______________ *
e

A RYa=CBy cos acosB + (Hy ~Hclzin B

—— - - 4
&= %00’ A= 26°%ss° Ha= 16318 m
cOs & = 1. 06500 cos = 0.82153 Hem 2297
CBs = 118933 m sin B 0,4528% AH=§1013 m

| CBrome 028 ;05052 | AHSNS=3035 m R%:= ner =]

B.

FOCAL LENGTH 1o

mm i Serial No. §§;"ge§gg
P — A — - m

.....

C._ MAGNIFIGATION FACTGR (msters/in) 12531

D. ZERO TIME CORRECTIONM




T

O

TEAK Horizontel Diameter-Time NAME DATE
Film No. 54152 RCS-CJK 4/58
Framg Dy D, Dg Dy l’}s Ds Timg
{mm} {km) {mm) {kno' {mm) {km) (meec)
0 9.2 15,8 - - - 50
1 10.2 17.5 4.5 7.7 - - 350
2 11.0 18.9 5.6 8.6 - - 650
3 11,7 20.1 8.2 10. 8 - - 859
4 12. 4 21.3 7.2 12.3 4.3 7.4 1250
5 13.2 22.6 8.2 14.1 4.5 7.7 1550
6 13.8 227 8.2 i5.8 5,2 8.9 1850
7 14.5 24.¢ 10.0 17.1 5.6 9.6 2150
8 5.1 25,8 11.0 18.9 5.8 9.9 2450
8 15,5 26,17 11.8 20.2 S.1 10.5 2750
10 16.2 217.8 12.4 21.3 6.4 11.0 3050
11 17.0 28,1 3.2 22.6 6.7 11.58 3350
12 17.5 30.0 13.8 23.8 5.9 11.8 i 3850
13 18.2 31.? 14.6 25.0 7.3 i2.5 3350
14 18.8 32.2 15.3 26.2 7.5 12.9 4250
i5 12.3 32.96 15.9 27.3 7.7 13.2 4550
16 18.5 33.86 15,5 28,3 8.0 13.7 4aift
17 - 18.8 .8 8.4 4.4 51567
v - - 8.7 14.9 54f -
1 , - ~ 8.0 15.4 87TL -
P4} - - 9.4 18.1 6050
l
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